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MAGNETIC  AND  ELECTRICAL  PROPERTIES  OF  RHOOIUM(III)OXIDE(III) 

H.  Leiva,  R.  Kershaw,  K.  Dwight,  and  A.  Mold 
Department  of  Chemistry,  Brown  University 
Providence,  Rhode  Island  02912 


ABSTRACT: 

Rh203(III)  crystallises  with  an  orthorhombic  corundum-related 
structure  and  is  Pauli  paramagnetic.  Its  electrical  behavior 
is  characterised  by  a  small  activation  energy,  and  the  See beck 
coefficient  indicates  p-type  conduction.  This  oxide  may  be 
considered  as  a  semimetal,  and  its  properties  are  discussed  in 
terms  of  face  and  edge  sharing  of  Rh06  octahedra. 


Introduction 

The  synthesis  and  crystallographic  properties  of  the  compounds 
belonging  to  the  Rh-0  system  have  been  the  subject  of  numerous  studies  (1-8). 
It  has  been  found  that  three  rhodium(lll)  oxides  can  exist  uhder  different 
conditions:  the  low  temperature,  low  pressure  form  (Rh^td));  a  high 
temperature,  high  pressure  structure  (RhjOjCII) );  and  a  high  temperature, 
ambient  pressure  compound  (Rl^OjCIII)  ). 

W|2°3(I)  h*s  been  obtained  when  rhodium  compounds  such  as  the 
hydrous  oxide,  nitrate,  sulfate,  or  chloride  are  decomposed  between  600 - 750 “C 
(1-3).  The  resulting  product  crystallizes  with  the  corundum  structure,  and 
when  this  phase  is  heated  between  750-1000*C,  it  transforms  irreversibly  to 
Rh2<>3(III),  which  is  more  thermally  stable.  The  phase  Rh203(t!I)  has  also 
been  prepared  by  direct  oxidation  of  rhodium  metal  (2,5).  A  major  difficulty 
in  obtaining  pure  saaples  of  Rf^OjCIII)  is  its  tendency  to  dissociate  at 
relatively  low  temperature.  The  decomposition  temperature  depends  on  the 
oxygen  pressure,  and  decreases  from  1130*C  at  760  torr,  to  900 *C  at  10  torr 
(3).  In  a  reducing  atmosphere,  this  oxide  decoaiposes  readily  to  rhodium 
metal  at  about  100-150  C*(3).  Rhodium(IlI)oxide(IIl)  crystallizes  with  an 


orthorhombic  corundum-related  structure  (space  croup  Pbca)  (S).  Rh^).m) 
has  been  obtained  by  heating  rhodium  oxide  (produced  by  heating  rholiua(IIJ) 
chloride  in  air  at  800*C)  at  1?00-1$00*C  and  6S  kb  pressure  (6). 

Although  RhjOj(I)  and  Rh^Oj(llI)  are  the  lost  cowmen  forms  of  the 
rhodium(IJI)  oxides,  their  magnetic  and  electronic  properties  have  not  been 
completely  determined.  Rhodium(f!l)oxide(!l)  has  been  reported  to  be  a 
semiconAictor  with  a  room  temperature  resistivity  of  150  a -ex  and  an  activa¬ 
tion  energy  of  0.16  (6),  but  the  nature  of  this  behavior  has  not  been 
explained. 

In  this  study,  RhA(IU)  was  prepared  and  characterised  with 
regard  to  its  crystallographic,  magnetic,  and  electrical  properties. 


Synthesis 

Rhodium(lU)oxide(IlI)  was  prepared  by  the  oxidation  of  finely 
divided  rhodium  metal  (Engelhard  Inc.  99.99%)  in  an  oxygen  atmosphere  at 
800  C  until  constant  weight  was  obtained.  A  silica  tube  was  used  to  contain 
the  rhodium  powder.  The  pro&ict  was  ground  each  day  in  an  agate  mortar,  and 
then  reheated.  After  the  last  heating,  the  compound  was  allowed  to  cool 
slowly  to  room  temperature.  The  metal -to-oxygen  ratio  was  determined  by 
reduction  of  the  final  product  at  900*C  with  a  mixture  of  8S%  argon  -  1S% 
hydrogen.  The  oxygen  content  obtained  was  18.9  weight  percent,  which  corre¬ 
sponds  to  the  composition  HijOj. 

Discs  of  flfcgQsfflf)  were  made  by  pressing  aliquots  of  the  poly¬ 
crystalline  material  at  SO  kb  for  JO  minutes  at  6S0*C.  Under  these  condi¬ 
tions,  only  RhjOWttt)  exists,  since  requires  higher  temperatures 

and  pressure  to  form.  After  pressing,  the  discs  were  cooled  slowly,  trans¬ 
ferred  to  a  silica  tube,  and  annealed  In  air  for  six  days  at  600*C  to  ensure 
reoxidation  of  any  rhodium  metal  which  night  have  been  formed  during  the 
sintering  process.  The  discs  were  then  examined  by  x-ray  analysis  in  order 
to  confirm  the  existence  of  pure,  homogeneous  HhjOjfllt).  Mo  changes  of  the 
diffraction  patterns  were  observed  when  compered  to  the  starting  polycrystal- 
line  RhjOjCHI). 

The  density  of  these  discs  was  determined  using  a  hydrostatic 
technique  based  on  Archimedes' principle  (9).  Perfluoro-l-methyldecalin 
(Pierce  Chemical  Co.)  was  used  ss  the  liquid  nediue,  and  Its  density  was 
calibrated  before^each  measurement  with  a  high-purity  silicon  crystal 
C°22*C*  2  J*8 !***).  An  average  density  of  T.80  (g/cmJ)  was  found  for  the 
discs.  Which  is  greater  than  9$%  of  the  calculated  density  of  OitO'CHI) 

(8.19  g/cm*). 


Mimetic  and  Electrical  Properties 

Mgnetic  measurements  were  performed  using  s  Psradsy  balance  (10). 
The  magnetic  susceptibility  was  measured  as  a  function  of  temperature  from 
liquid  nitrogen  to  300k  at  a  field  strength  of  10.4  kOe.  The  data  were  then 
corrected  for  core  diamagnetism  (-32x10*4 emu/g  Rh;0j)  (11).  The  lack  of  any 
field  dependency  of  the  susceptibility  shewed  the  absence  of  ferromagnetic 
impurities. 


The  v»  der  faun  Method  (1?)  was  used  to  measure  the  electrical 
resistivities.  Contacts  were  node  by  the  ultrasonic  soldering  of  iodiun 
directly  onto  the  sintered  discs  of  asd  their  ohmic  behaviors 

were  established  by  measuring  their  current -voltage  characteristics.  The 
Seebecfc  coefficient  was  obtained  by  applying  a  temperature  gradient  to  a 
sintered  disc  of  fthjOjdll)  and  recording  the  resulting  voltage  difference. 


le suits  and  Piscustioo 

The  crystal  structure  of  KhvOjdll)  was  first  determined  by 
•iesterbos  and  Hernstra  ($).  The  structure  projected  along  the  orthorhombic 
s-asis  is  shown  in  figure  1.  All  of  the  rhodium  loos  are  octahedral ly  coor¬ 
dinated  by  oxygen  ions,  which  in  turn  are  bondad  to  four  rhodiias  ions.  It 
can  be  seen  that  Mira  of  {MtQgl  octahedra  share  faces,  and  each  pair  is 
connected  to  another  peir  within  the  plane,  and  to  pairs  above  end  below  the 
plane,  by  neons  of  edge -sharing 

ttAIIII)  prepared  in  this  study  wos  orthorhombic  (space  group 
Pbca),  and  the  following  cell  constants  were  determined;  ••S.KSOlli, 
b«  S. 440(1)1,  and  «•  14.?i(|)l.  These  results  are  in  good  ogreonomt  with 
those  reported  previously  for  KhjOjdll)  (1,1). 


FtC.  I 

Unit  cell  in  the  structure  of  KhJMtlt)  as  viewed  along  the 
orthorhombic  x-axis.  *  * 


fh#  M|Mtic  data  for  MkjOj(UI)  tfcow*  ia  rifttr*  2  ia4i«la  «  woafc 
to*paratort?4od*p*o dao i  parMOfoattt*  (Pwli  parwofoac  it  bahaviar)  wick 
*  •  ISO*  I0'®em*/w©)a VhjOj  (O.Mi  10’W/i  «fcjOj).  Tbi*  bfbtvior  iapliai 
probob la  dtloHliuiiM  of  altcfroM  ia  tt^ij 

flaatrical  Proprrt >w 


7M  topmmrt  tariaiiw  of  ika  atari rical  wittiviip  of 
I^O)(UI)  i»  them  ia  Figora  Si  tbt  rtfiiimcy  lacraa***  blight ty  from 
ao* to  at  rooo  temporal  ora  lo  «lfl*«o  »  lipoid  aiirofwi  tiptfaiara.  Fi|«r»  S 
tkawf  a  carrot  or#  aod  plaid*  a  oaaiaoo  valoa  for  cfca  activation  ooargr  of 
la**  than  0,H.  Hit  iodiaaia*  that  ttj(MIII)  doa*  ooc  follow  typical 
taolcoodMctor  babatior,  A  valoa  of  »IVrC  wo*  obcaiood  for  iba  taabact 
coafflciaot  of  IbjtiitUI)’  Ska  aofoitoda  of  tfci*  rotolt  alto  •o«fo*t* 
metallic  babartor;  tba  *tf»  lodlcaia*  pradoaiiaat ly  p*tppa  conduct lot . 


Variation  of  Mfoacic 
MNMftibiliir  wicli 
t  top  a  rotor*  for 
•1,0,(111), 


*1 C,  1 


Variation  of  rtoivtivitp 
with  taoparator*  for 


TW  W|MU(  aad  b«kavior  of  ttuOjdll)  may  bo  exploited 

by  u«t»i»|  tho  uilim*  of  unw  d -heads  wd  acceptor  level*  located 
slightly  tbovf  tW*.  Sttcb  heads  probably  font  hocaoso  oacb  IMk  octahodra 
shares  a  faco  aad  edge*  aitb  eeighhoriag  octahodra.  CoasoquoatTy,  tha  t »? 
orbitals  of  <Kk  rhodiaa  ioo  aro  alaayt  directed  to  tbo  ooarost  neighboring 
rhodtus  ioim  aloof  (boss  di  roc  float  la  lkiO)(|||),  tbo  th-ih  distance 

across  tbo  sbarod  faco  is  J.MW.liW'IJ,  vhich  |«  tioiiar  to  tbo  afoivaloot 
distaaco  reported  for  ¥,0^  crystallite*  aitb  tbo  rolatod  ceruedua 

»i rue foro  aad  possesses  M  haads  foraod  by  latoractioas  (15,14), 

Siace  wotal'oota)  distaaco*  la  tboso  structures  alloa  for  tbo  overlapping  of 
)d  orbitals,  it  is  espected  f bat  tbo  saao  svorlif  may  occur  un  bhvOjttH), 
coat  Ido  nag  tbo  largor  e wees  ion  of  4d  vote  function*.  by  syaeofry  consider- 
s  loot,  say  overlay  of  orbitals  across  sbarod  adgos  oay  also  hove  sooo  oxygen 
character. 

la  MM>|(III)  tbo  oaistoaco  of  acc  opt  or  lot*  Is  located  above 
ftllod  valence  loads  is  coasts  (oat  with  tbo  ooistoaco  of  tti(IV)  ions.  Tbo 
e*i stance  of  tocb  accoptor  locals  closo  to  tbo  valoaco  bond  is  coasistoat 
vita  ib#  wmII  observed  act ivat ioo  energy  obtaiood  froa  Figure  I,  fioc(roas 
fro m  (bo  ftllod  valooco  baad  caa  oosily  bo  proaoiod  to  tbo  accoptor  levels, 
looting  bobiad  bolos  obicb  caa  five  nso  to  (bo  observed  p-type  conduction 


Coaclosioas 

lb(iO)(lll)  bos  booa  prepared  aad  crystal  I  not  with  am  ortbotboabic 
ceruadua- rolatod  st rector*.  Tbo  wilding  bloci  of  (bit  f  rawer*  is  aa  MhO* 
octahedron.  abicb  caa  star*  a  faco  aad  edges  with  aoifbbonof  octabodra. 

This  typo  of  bead  lag  a  I  loos  for  (bo  possibility  of  direct  rhodium- rbodiue 
or  lad  i  rect  rbodiw-oaygoo-rbodiao  !  at  erect  toes,  aad  appears  to  dot  oral** 
tbo  oloctrtcal  aad  oagaotlc  props rtt os  of  (bo  oiide  sbaos  Pauli 

poraooga olive.  aad  its  oloctrtcal  behavior  is  cbaroctoritod  by  o  mil  acd * 
vat  loo  raorgy  Tbo  foobocb  coofficioat  lad  leaf  os  p-type  conduction,  Hu 
kfhonsr  is  coasistoat  will  (bo  facet ioa  of  a  filled  d-hon d,  vitt  rhedluo 
or  rbodlun-ooygen  chancier,  aad  acceptor  levels  tying  clooo  to  tbis  bead, 
Tboso  levels  at*  dot  to  tbo  presooce  of  o  oostt  aoeaat  of  MtW)  to  tbo 
*jo,mn 

Tbo  dotomiaottoa  of  tbo  oagortic  properties  as  nail  a*  mm  of 
tbo  electrical  properties  of  iodicotcs  that  this  oftlJe  oay  bo 

coast  doted  a  soot  octal. 
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at  trove  Wtlvetslty. 


1.  C  Um4a>  Z  Merg  Ch**  IhJ.  MS  ()«;?). 

2,  A,  KeU.  IJ,  AimU,  *-J.  Craft;  Imt|.  Ohm.  J,  it  IT? 

1.  6^  lim  «mI  H.C-  fiNiMiw;  ItomocfciiMC*  Am  It.  ?IJ 

4,  JJ,P,  Cwy;  Ada  Ciyti-  K4,  11*4  (I9?Q). 

I,  JJJ.  lmi»i4M  a*4  J  Mmiin.  J.  Uii  Owww  ftrtaM  W.  IJI  114**) 

4,  19  ttawwi  am4  f  T.  J.  telU  Suit  (iMuituy  ?,  IM 

T'  *,9.  NfffltlW  9*4  6* to  AlMlI.  J.  CrrtUl  Cpodl  M.  W  tt9i|), 

I,  0.  Mtollrr  9*4  •  Mr.  J,  U*»  (owm  MHalt  14.  I?9  (1999), 

t,  *  t  Maw;  rk.9.  nwiii,  Ifm  diitmiif  (Iff)). 

19,  I.  Mtorrit  9*4  4,  *»I4,  la*,  fci*  Im(  W,  191?  (ItM) 

tl.  9.9.  9fl*M;  ityi ndwwM ff1;  laitnco  to.lft*.  9*»  **»4. 

M  M 

l«*  U  wm  4*9  f*n»;  Pfclllf*  9m*  Ilf.  ]£,  I  (1999), 

I),  Ji  tujmijli  Hn»nn»  mti  OchcaI  9sNT;  Immc,  <h*  #f  9«4w 
•lit?  «NI  $(M,  199),  Rw  f9«9*U*4m* 

14,  C.T<  IrwHl,  9.9.  Bnmi.  9.9.  ftifm  ami  Iwy,  Ohm, 

19.  9.  199)  (1999). 


(»lovrm.#_o1)  x 


OO  1  /  0001 


472:GAN:716-4 
94 /GEM 


TECHNICAL  REPORT  DISTRIBUTION  LIST,  GEN 
No. 

Copies 


Office  of  Naval  Research 
Aten:  Coda  413 
|  800  North  Quincy  Scraat 

*  Arlington.  Virginia  22217 

ONR  Pasadena  Oatachaant 
Aten:  Or.  R.  J.  Marcus 
1030  East  Crsan  Scraat 
|  Faaadana.  California  91106 

Commsndar.  Naval  Air  Syscans  Cotaand 
Aten:  Coda  3 IOC  (B.  Rosanwassar) 
Department  of  tha  Navy 
Washington.  O.C.  20360 

Oafansa  Tachnical  Information  Cantar 
Building  3*  Cameron  Station 
Alexandria.  Virginia  22314 

Or.  Frad  Saalfald 
Chemistry  Division.  Coda  6100 
Naval  Rasaarch  Laboratory 
Washington.  O.C.  20373 

O.S.  Army  Rasaarch  Offlca 
Aten:  CRO-AA-IF 
F.  0.  Box  12211 

Rasaarch  Triangle  Farit,  N.C.  27709 

Mr.  Vincent  Sc ha par 
0TNSR8C  Coda  2803 
Annapolis.  Maryland  21402 

Naval  Ocaan  Systems  Center 
Attn:  Or.  S.  Yamamoto 
Marina  Sciences  Division 
San  Dieto,  California  91232 


Naval  Ocean  Systems  Center 
Attn:  Mr.  Joe  McCartney 
San  Diego,  California  92152 

2 

Naval  Weapons  Center 
Attn:  Or.  A.  B.  Aids  ter, 

Chemistry  Division 
China.  Lake.  California  93555 

1 

Naval  Civil  Engineering  Laboratory 

Attn:  Dr.  R.  W.  Drislto 

Port  Huanama.  California  93401 

1  Daan  William  Tolies 

Naval  Postgraduate  School 
Monterey.  California  93940 

12  Scientific  Advisor 

Conmandant  of  the  Marine  Corps 
(Coda  RD-1) 

Washington ,  D.C.  20380 

1  Naval  Ship  Research  and  Development 

Cancer 

Attn:  Dr.  G.  Bosmajlan,  Applied 
Chemistry  Division 
Annapolis,  Maryland  21401 

1 

Mr.  John  Boyle 
Materials  Branch 
Naval  Ship  Engineering  Center 
1  Philadelphia.  Pennsylvania  19112 

Mr.  A.  M.  Anzalone 
Administrative  Librarian 
.'  PLASTEC/ARRADCOM 

1  Bldg  3401 

Dover.  New  Jersey  07801 


t 


> 


No. 

Copies 


1 


1 


1 


1 


1 


1 


1 


1 


472: GAN: 716-4 
94/359 


T1 


TECHNICAL  REPORT  DISTRIBUTION  LIST,  359 


I 


Dr.  Paul  Delahay 
Department  of  Chemistry 
>•»#  York  University 
Raw  York.  New  York  10003 

Dr.  E.  Yeager 
Department  of  Chemistry 
Case  Western  Reserve  University 
|  Cleveland.  Ohio  41106 

Dr.  D.  R.  Bennion 
Department  of  Chemical  Engineering 
Brigham  Young  University 
Provo.  Utah  84602 

Dr.  I.  A.  Marcus 
Department  of  Chemistry 
California  Institute  of  Technology 
Pasadena.  California  91125 

Or.  J.  J.  Aubora 
•ell  Laboratories 

Murray  Rill,  New  Jersey  07974  1 

Dr.  Adam  Haller 
•ell  Laboratories 

9k»rray  Rill,  New  Jersey  07974  1 

Dr.  T.  Ratan 
Lockheed  Missiles  and 
Space  Co.,  Inc. 

P.  0.  Boa  504 

Seftftyvele,  California  94088  1 

Dr.  Joseph  Singer,  Code  302*-I 
RASA- Lewis 
1 1000  I rook perk  Road 

Cleveland,  Ohio  44135  1 

Dr.  •.  •rummer 
ttC  Incorporated 
55  Chapel  Street 

Rev  ton.  Massachusetts  02158  1 

Llhrarr 

P.  R.  Mallory  and  Company,  Inc. 

Rmrthwest  Industrial  Park 
Burlington,  Massachusetts  01803  1 


No. 

Copies 

Dr.  P.  J.  Hendra 
Department  of  Chemistry 
University  of  Southampton 
1  Southampton  S00  5NH 

United  Kingdom 

Dr.  Sam  Perone 
Chemistry  4  Materials 
1  Science  Department 

Laurence  Livermore  National  Lab. 
Livermore,  California  94550 

Dr.  Royce  W.  Murray 
1  Department  of  Chemistry 

University  of  North  Carolina 
Chapel  Hill,  North  Carolina  27514 

Naval  Ocean  Systems  Center 
Attn:  Technical  Library 
San  Diego,  California  92152 

Dr.  C.  E.  Mueller 
The  Electrochemistry  Branch 
Materials  Division,  Research  and 
Technology  Department 
Naval  Surface  Weapons  Center 
White  Oak  Laboratory 
Silver  Spring,  Maryland  20910 

Dr .  G .  Goodman 
Johnson  Controls 
5757  North  Green  Bay  Avenue 
Milwaukee,  Wisconsin  53201 

Dr.  J.  Boechler 
Electrochimica  Corporation 
Attn:  Technical  Library 
2485  Charleston  Road 
Mountain  View,  California  94040 

Dr.  P.  P.  Schmidt 
Department  of  Chemistry 
Oakland  University 
Rochester,  Michigan  48063 


i 


No. 

Copies 


1 


1 


1 


l 


1 


1 


1 


l 


472:GAN:716-4 

94/359 


TECHNICAL  REPORT  DISTRIBUTION  LIST,  359 
No. 

Copies 


Dr.  H.  Richtol 
Chemistry  Department 
■  Rensselaer  Polytechnic  Institute 

-  Troy,  New  York  12181 

Dr.  A.  B.  Ellis 
Chemistry  Department 
University  of  Wisconsin 
|  Madison,  Wisconsin  53706 

Dr.  M.  Wrighton 
Chemistry  Department 
t  Massachusetts  Institute 

of  Technology 

<  Cambridge,  Massachusetts  02139 


Dr.  R.  P.  Van  Duyne 
Department  of  Chemistry 
Northwestern  University 
1  Evanston,  Illinois  60201 

Dr.  B.  Stanley  Pons 
Department  of  Chemistry 
University  of  Alberta 
1  Edmonton,  Alberta 

CANADA  T6G  2G2 

Dr.  Michael  J.  Weaver 
Department  of  Chemistry 
Michigan  State  University 
East  Lansing,  Michigan  48824 


Larry  E.  Plew 

Naval  Weapons  Support  Center 
Code  30736,  Building  2906 
Crane,  Indiana  47522 

^  S .  Ruby 

DOE  (STOR) 

600  E  Street 

Providence,  Rhode  Island  02192 

5  ^Dr.  Aaron  Wold 
^^BlrownJJnive  r  si  ty 
|  Department'of^ Chemistry 

r  Providence,  Rhode"Tsland  02192 

F 

\ .  Dr.  R.  C.  Chudacek 

McGraw-Edison  Company 
Edison  Battery  Division 
Post  Office  Box  28 
Bloomfield,  New  Jersey  07003 

Dr.  A.  J.  Bard 
University  of  Texas 
Department  of  Chemistry 
Austin,  Texas  78712 

Dr.  M.  M.  Nicholson 
l.  Electronics  Research  Center 

Rockwell  International 
3370  Miraloma  Avenue 
Anaheim,  California 


Dr.  R.  David  Rauh 
EIC  Corporation 
55  Chapel  Street 

1  Newton,  Massachusetts  02158 

Dr.  J.  David  Margerum 
Research  Laboratories  Division 
Hughes  Aircraft  Company 
1  3011  Malibu  Canyoti  Road 

Malibu,  California  90265 

Dr.  Martin  Fleischmann 
Department  of  Chemistry 
1  University  of  Southampton 

Southampton  509  5NH  England 

Dr.  Janet  Osteryoung 
Department  of  Chemistry 
State  University  of 
1  New  York  at  Buffalo 

Buffalo,  New  York  14214 

Dr.  R.  A.  Osteryoung 
Department  of  Chemistry 
1  State  University  of 

New  York  at  Buffalo 
Buffalo,  New  York  14214 


l 


No.  I 
CopieJ 


1 


1 


1 


1 


1 


1 


l 


l 


472 :GAN: 716-4 
94/359 


TECHNICAL  REPORT  DISTRIBUTION  LIST,  359 


Dr.  Donald  W.  Ernst 

No. 

Copies 

Mr.  James  R.  Moden 

Naval  Surface  Weapons  Center 

Naval  Underwater  Systems 

Code  R-33 

Center 

White  Oak  Laboratory 

Code  3632 

Silver  Spring,  Maryland  20910 

1 

Newport,  Rhode  Island  02840 

Dr.  R.  Nowak 

Dr.  Bernard  Spielvogel 

Naval  Research  Laboratory 

U.  S.  Army  Research  Office 

Code  6130 

P.  0.  Box  12211 

Washington,  D.C.  20375 

1 

Research  Triangle  Park,  NC  27709 

Dr.  John  F.  Houlihan 

Dr.  Denton  Elliott 

Shenango  Valley  Campus 

Air  Force  Office  of 

Pennsylvania  State  University 

Scientific  Research 

Sharon,  Pennsylvania  16146 

1 

Bolling  AFB 

Dr.  D.  F.  Shriver 

Department  of  Chemistry 

Washington,  D.C.  20332 

Dr.  David  Aikens 

Northwestern  University 

Chemistry  Department 

Evanston,  Illinois  60201 

1 

Rensselaer  Polytechnic  Institute 

Dr.  D.  H.  Whitmore 

Department  of  Materials  Science 

Troy,  New  York  12181 

Dr.  A.  P.  B.  Lever 

Northwestern  University 

Chemistry  Department 

Evanston,  Illinois  60201 

1 

York  University 

Dr.  Alan  Bewick 

Downsview,  Ontario  M3J1P3 

Canada 

Department  of  Chemistry 

The  University 

Dr.  Stanislaw  Szpak 

Southampton,  S09  5NH  England 

Naval  Ocean  Systems  Center 

Dr.  A.  Himy 

Code  6343 

San  Diego,  California  95152 

NAVSEA-5433 

NC  //  4 

. 

Dr.  Gregory  Farrington 

2541  Jefferson  Davis  Highway 

Department  of  Materials  Science 

Arlington,  Virginia  20362 

• 

and  Engineering 

Dr.  John  Kincaid 

University  of  Pennsylvania 
Philadelphia,  Pennsylvania  19104 

Department  of  the  Navy 

Strategic  Systems  Project  Office 

Dr.  Bruce  Dunn 

Room  901 

Department  of  Engineering  & 

Washington,  D.C.  20376 

Applied  Science 

University  of  California 

Los  Angeles,  California  90024 

No. 

Copies i 


1 


1 


1 


l 


1 


1 


472:GAN:716-4 

94/359 


TECHNICAL  REPORT  DISTRIBUTION  LIST.  359 


No. 

Copies 

M.  L.  Robertson 
Manager,  Electrochemical 
and  Power  Sonices  Division 
Naval  Weapons  Support  Center 
Crane,  Indiana  47522  I 

Dr.  Elton  Cairns 

Energy  &  Environment  Division 

Lawrence  Berkeley  Laboratory 

University  of  California 

Berkeley,  California  94720  1 

Dr.  Micha  Tomkiewicz 
Department  of  Physics 
Brooklyn  College 

Brooklyn,  New  York  11210  1 

Dr.  Lesser  Blum 

Department  of  Physics 

University  of  Puerto  Rico 

Rio  Piedras,  Puerto  Rico  00931  1 

Dr.  Joseph  Gordon,  II 
IBM  Corporation 
K33/281 

5600  Cottle  Road 


San  Jose,  California  95193  1 

Dr.  Robert  Somoano 
Jet  Propulsion  Laboratory 
California  Institute  of  Technology 
Pasadena,  California  91103  1 

Dr.  Johann  A.  Joebstl 

USA  Mobility  Equipment  R&D  Command 

DRDME-EC 

Fort  Belvior,  Virginia  22060  1 

Dr.  Judith  H.  Ambrus 
NASA  Headquarters 
M.S.  RTS-6 

Washington,  D.C.  20546  1 

Dr.  Albert  R.  Landgrebe 
U.S.  Department  of  Energy 
M.S.  6B025  Forrestal  Building 
Washington,  D.C.  20595  1 


N 

CO£ 

Dr.  T.  Marks 
Department  of  Chemistry 
Northwestern  University 
Evanston,  Illinois  60201 

Dr.  D.  Cipris 
Allied  Corporation 
P.  0.  Box  3000R 
Morristown,  New  Jersey  07960 

Dr.  M.  Philpot 

IBM  Corporation 

5600  Cottle  Road 

San  Jose,  California  95193 

Dr.  Donald  Sandstrom 
Washington  State  University 
Department  of  Physics 
Pullman,  Washington  99164 

Dr.  Carl  Kannewurf 
Northwestern  University 
Department  of  Electrical  Engineering 
and  Computer  Science 
Evanston,  Illinois  60201 

Dr.  Edward  Fletcher 
University  of  Minnesota 
Department  of  Mechanical  Engineering 
Minneapolis,  Minnesota  55455 

Dr.  John  Fontanella 
U.S.  Naval  Academy 
Department  of  Physics 
Annapolis,  Maryland  21402 

Dr.  Martha  Greenblatt 

Rutgers  University 

Department  of  Chemistry 

New  Brunswick,  New  Jersey  08903 

Dr.  John  Wassib 

Kings  Mountain  Specialties 

P.  0.  Box  1173 

Kings  Mountain,  North  Carolina  28086 


472:GAN:7l6-4 

94/359 


TECHNICAL  REPORT  DISTRIBUTION  LIST,  359 
No. 

Copies 


No. 

Copies 


Dr.  J.  J.  Brophy 
University  of  Utah 
Department  of  Physics 

Salt  Lake  City,  Utah  84112  1 

Dr.  Walter  Roth 

Department  of  Physics 

State  University  of  New  York 

Albany,  New  York  12222  1 

Dr.  Thomas  Davis 
National  Bureau  o|^fitandards 
Polymer  Science  and 
Standards  Division 

Washington,  D.C.  20234  1 

Dr.  Charles  Martin 

Department  of  Chemistry 

Texas  AAM  University  1 

Dr.  Anthony  Sammells 

Institute  of  Gas  Technology 

3424  South  State  Street 

Chicago,  Illinois  60616  l 

Dr.  H.  Tachlkawa 

Department  of  Chemistry 

Jackson  State  University 

Jackson,  Mississippi  39217  l 

Dr.  W.  M.  Risen 
Department  of  Chemistry 
Brown  University 
Providence,  Rhode  Island 


1 


